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General introduction 

 

Bacterial adhesion and subsequent biofilm formation cause amongst others, infections 

related to biomaterial implants, microbially-induced corrosion, and fouling of 

membranes and heat exchanger surfaces in food processing systems [1]. The impact in 

the medical field is enormous, since the rate of biomaterial associated infection for 

initially inserted implants varies from 1 to 30 % with a mortality risk of up to 25%, 

depending on the type of medical device [2]. The complex structure of a biofilm on 

current biomaterials, containing slime and extracellular polymeric matrix produced by 

microbial cells, makes it resistant against antibiotic treatment and the host immune 

system. Even high concentrations of antibiotics have been reported to fail in 

eradicating mature biofilms [3]. Therefore the fate of an infected biomaterial implant 

is generally removal [4,5]. Devices implanted in revision surgery are, however, at a 

several-fold greater risk of infection [2] likely due to persistence of bacteria in 

adjacent tissue near the implant site [6].  

Various coatings and materials like low surface free energy surfaces [7], positively 

charged surfaces [8] and polymer brush-coatings [9] have been used to control 

bacterial adhesion and biofilm formation. Polymer brush-coatings are currently 

considered as the most promising non-fouling coatings, as these coatings reduce the 

adhesion of bacteria by orders of magnitude [10]. 

 

What is a polymer brush-coating? A polymer brush is formed when polymer chains 

are end-grafted to a surface in a high density, forcing them to stretch away from the 

surface into the adjacent medium [11], as shown schematically in Fig. 1. Criteria to 

obtain a brush conformation have been discussed widely in the literature [12] and, 

basically, when the average distance between two attached chains is smaller than two 

times the radius of a coiled polymer chain in the solvent, a brush conformation is 
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achieved. Hydrophilic polymer brush-coatings in an aqueous medium form a highly 

hydrated layer at a surface. Compression of such a structure upon bacterial approach 

gives rise to an osmotic pressure and decreased mobility (conformational entropy) of 

the polymer chains in the brush, which causes repulsion of microorganisms from the 

surface. Thus a brush-coating acts as a barrier that prevents microbial adhesion to a 

substratum surface [13]. Thickness and density of brush-coatings are critical 

parameters in making an efficient non-adhesive brush-coating, as increase in either 

two generally enhances the adhesion resistance of the brush [14].   

Physisorbed brushes are simply formed, based on the interaction of a part of the 

polymer chain with the surface as an anchoring unit. Very often the anchoring block 

has a sort of hydrophobic or electrostatic interaction with the substratum surface 

[15,16]. Polymer chains can also be attached to a surface by chemical bonds. In order 

to achieve that, either a chain is bound to the surface via an activated domain (grafting 

to) or a chain is grown from the surface in chemical reactors (grafting from). The latter 

method gives a better control over the density and thickness of the brush [17]. 

Generally chemically-bound brushes are more stable, but require a more complex 

fabrication procedure. 

 

 

 

 

 

 

 

Fig. 1. A schematic representation of a polymer brush structure. 
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Problem statement and aim of this thesis. Despite the substantial amount of work on 

the use of polymer brushes as non-adhesive surfaces in the past decade no 

unambiguous judgment can be made yet whether polymer brush-coatings are capable 

of preventing implant associated infections. This is mostly due to serious reservations 

regarding the following challenges: 

a) Stability of brush-coatings 

Making a brush-coating that is stable against chemical and mechanical stresses and at 

the same time is applicable to biomaterial surfaces has been a challenge for scientists 

for years [18,19]. New developments in chemical engineering, however, have made it 

possible to grow polymer brushes on virtually every surface with desired properties 

[17]. Chemically-bound polymer brushes like the ones made by surface-initiated 

polymerizations are generally known to be stable.  

b) No prevention but reduction of adhesion 

Despite appealing reports about anti-adherence properties of polymer brushes, these 

coatings only strongly reduce the number of adhering bacteria and do not completely 

prevent their adhesion. How strongly the few bacteria adhere to the brush-coating and 

whether they are able to grow into a biofilm, are questions still to be answered. 

c) In vivo performance of brush-coatings 

In order to validate the success of polymer brush-coatings, in vivo studies are essential 

but scarce, which results in lack of important information that is required to develop an 

anti-infection strategy based on polymer brush-coatings. 

 

The aim of this thesis is to study the fate of a few bacteria that adhere to a polymer 

brush-coating and to evaluate the effects of a brush-coating on bacterial colonization 

of biomaterial surfaces in vivo. This will lead to a better understanding of the state of 

polymer brush-coatings in the battle against biomaterial associated infection.  
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